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TITLE: Mobile Communication System 
ABSTRACT 

[Problem] To enable changes to simultaneous communication of voice and data even 
after a mobile station and ISDN terminal have entered a call. 

[Resolving Means] When a mobile station 3 requires an exchange of data during a 
call with an ISDN terminal 5 in a mobile communication system where a base station 
control device 1 is connected to an ISDN exchange 4, the voice rate is halved and the 
data are simultaneously exchanged between the mobile station 3 and the base station 
control device 1 under the control of the mobile station 3 or the ISDN terminal 5 
without cutting off the call which is currently connected. 
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CLAIMS 

1 . A mobile communication system comprising a radio interface between a 
mobile station and a base station, a base station interface between said base station and 
a base station control device, said base station control device being connected to a 
communication network via an ISDN exchange station, said mobile station comprising 
first terminal means for terminating low level signals and high level signals of said 
radio interface, said base station comprising transmitting means for terminating said low 
level signals of said radio interface and said base station interface and transparently 
transmitting said high level signals, said base station control device comprising second 
terminal means for terminating said low level signals and said high level signals of said 
base station interface, and said mobile station comprising communication means 
offering a service of communicating user information to mobile station users encoded 
on said radio interface by connecting said base station and said base station control 
device via said radio interface and said base station interface and performing 
communication connection control; 

characterized in that when said radio interface and said base station interface 
are in time-division multiple access formats, a full-rate is used for communication of 
voice data during a call between said mobile station and said base station control device, 
and when both said voice data communications and data communications become 
necessary, the voice signals and data signals are simultaneously exchanged by 
alternately assigning each frame on said radio interface and said base station interface to 
said voice data communications and said data communications, and transmitting and 
receiving said half-rate voice data and data for said data communications with the same 
number of bits as said half-rate in the transmission frame and reception frame. 

2. A mobile communication system comprising a radio interface between a 
mobile station and a base station, a base station interface between said base station and 
a base station control device, said base station control device being connected to a 
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communication network via an ISDN exchange station, said mobile station comprising 
first terminal means for terminating low level signals and high level signals of said 
radio interface, said base station comprising transmitting means for terminating said low 
level signals of said radio interface and said base station interface and transparently 
transmitting said high level signals, said base station control device comprising second 
terminal means for terminating said low level signals and said high level signals of said 
base station interface, and said mobile station comprising communication means 
offering a service of communicating user information to mobile station users encoded 
on said radio interface by connecting said base station and said base station control 
device via said radio interface and said base station interface and performing 
communication connection control; 

characterized in that when a voice and data transmission reception request is 
sent to the base station control device through the radio control channel by said mobile 
device while a call is connected to said mobile device, said base station control device 
sends said voice and data transmission-reception requests from said mobile device by 
means of a D-channel through an ISDN exchange station to the partner ISDN terminal 
with which said mobile station is communicating, and when there is a response to said 
voice and data transmission-reception request from said mobile station by means of the 
partner ISDN terminal with which said mobile station is communicating, said base 
station control device sends said mobile station a response to a request for half-rating 
voices and for data transmission-reception through the radio control channel, 
simultaneous transmission-reception of voice signals and data signals are started after a 
standard number of frames from this radio control channel, and when said base station 
control device receives said request for half-rating voices and for data transmission- 
reception, performs a speech-coding of voices half-rated after the predetermined 
standard number of frames from this control channel with respect to the voice frames, 
transmits voices to the ISDN terminal through the ISDN exchange using an ISDN B 
channel, uses an ISDN D-channel for passing data frames as is, sends data to said ISDN 
terminal through said ISDN exchange, performs speech-coding of the voice signals 
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from said ISDN terminal, and passes data signals from said ISDN terminal using said 
ISDN D-channel as is to start simultaneous transmission and reception of voice data 
signals and data signals. 

3. A mobile communication system comprising a radio interface between a 

mobile station and a base station, a base station interface between said base station and 
a base station control device, said base station control device being connected to a 
communication network via an ISDN exchange station, said mobile station comprising 
first terminal means for terminating low level signals and high level signals of said 
radio interface, said base station comprising transmitting means for terminating said low 
level signals of said radio interface and said base station interface and transparently 
transmitting said high level signals, said base station control device comprising second 
terminal means for terminating said low level signals and said high level signals of said 
base station interface, and said mobile station comprising communication means 
offering a service of communicating user information to mobile station users encoded 
on said radio interface by connecting said base station and said base station control 
device via said radio interface and said base station interface and performing 
communication connection control; 

characterized in that when a voice and data transmission-reception request is 
sent to said base station control device through an ISDN D-channel by means of a 
partner ISDN terminal with which said mobile station is communicating, said base 
station control device sends a request to half-rate voices and transmission-reception of 
data by way of the radio control channel to said mobile device which is connected with 
a call, and when there is a response to the request to half-rate voices and transmission- 
reception of data from said mobile station, said base station control device sends a 
response to said request to half-rate voices and transmission-reception of data through 
the ISDN D-channel to said ISDN terminal, simultaneous transmission-reception is 
started with voice signals on the B-channel and data signal on said D-channel after a 
standard number of frames from said D channel transmission, and when said base 
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station control device receives the voice and data transmission-reception starting request, 
makes said request to start half-rating voices and data transmission-reception with 
respect to said mobile device through said control channel, speech-codes and half-rates 
the voice data from said ISDN terminal after a predetermined standard number of 
frames from this D channel reception, sends the reception data on the D channel from 
said ISDN terminal directly through and the half-rated voice and reception data 
alternately in frames of the radio channel to said mobile station, and when said mobile 
station receives said voice half-rating and data transmission-reception request from said 
base station control device is received at said mobile station, the half-rating of voices 
and data transmission-reception are started after a predetermined number of frames 
from this frame. 

DETAILED DESCRIPTION OF THE INVENTION 
Technical Field of the Invention 

The present invention relates to a mobile communication system, and particularly 
relates to a mobile communication system wherein simultaneous communications of 
voice signals and data signals is possible. 

Conventional Art 

In conventional mobile communication systems, the mobile station selects an 
information transmission mode before starting communications, then sets voice signals 
and data signals or combinations of voice signals and data signals as data in time slots 
for transmission and reception. 

For example, as indicated in Japanese Patent No. S63-45149, a voice sample is encoded 
into 4 bits per frame by means of an adaptive differential pulse code modulation and 
assigned the bit positions of 4 bits in an 8-bit information time slot, and 4 bits of 
information from the data signal are assigned to the remaining 4 bit positions of each 8 
bit information time slot. 

Problems to be Solved by the Invention 

In the above-mentioned conventional mobile communication system, the information 
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transmission mode of a mobile station is selected prior to a mobile station entering the 
communication, i.e. prior to the communication channel connection process, an 
information transfer mode is selected for the mobile station, and voice signals and data 
signals or a combination of voice signals and data signals is designated thereafter^ so 
that it is not possible to change the information the information transfer mode after the 
mobile station enters a state of communication, and the convenience of use is poor. 

Additionally, since the bits in one time slot are used by separating the voice data and 
data communication data, the hardware used for simultaneous communications of voice 
signals and data signals is complex, and the hardware becomes expensive. 

The purpose of the present invention is to offer a mobile communication system 
wherein it is possible to change to simultaneous communications of voice and data after 
the mobile device and ISDN terminal have entered communications, and to offer a 
mobile communication system capable of simultaneous communications of voice 
signals and data signals which is more economical. 

Means for Solving the Problems 

A mobile communication system according to the present invention comprises a radio 
interface between a mobile station and a base station, a base station interface between 
said base station and a base station control device, said base station control device being 
connected to a communication network via an ISDN exchange station, said mobile 
station comprising first terminal means for terminating low level signals and high level 
signals of said radio interface, said base station comprising transmitting means for 
terminating said low level signals of said radio interface and said base station interface 
and transparently transmitting said high level signals, said base station control device 
comprising second terminal means for terminating said low level signals and said high 
level signals of said base station interface, and said mobile station comprising 
communication means offering a service of communicating user information to mobile 
station users encoded on said radio interface by connecting said base station and said 
base station control device via said radio interface and said base station interface and 
performing communication connection control; characterized in that when said radio 
interface and said base station interface are in time-division multiple access formats, a 
full-rate is used for communication of voice data during a call between said mobile 
station and said base station control device, and when both said voice data 
communications and data communications become necessary, the voice signals and data 
signals are simultaneously exchanged by alternately assigning each frame on said radio 
interface and said base station interface to said voice data communications and said data 
communications, and transmitting and receiving said half-rate voice data and data for 
said data communications with the same number of bits as said half-rate in the 
transmission frame and reception frame. 
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A mobile communication system according to the present invention comprises a radio 
interface between a mobile station and a base station, a base station interface between 
said base station and a base station control device, said base station control device being 
connected to a communication network via an ISDN exchange station, said mobile 
station comprising first terminal means for terminating low level signals and high level 
signals of said radio interface, said base station comprising transmitting means for 
terminating said low level signals of said radio interface and said base station interface 
and transparently transmitting said high level signals, said base station control device 
comprising second terminal means for terminating said low level signals and said high 
level signals of said base station interface, and said mobile station comprising 
communication means offering a service of communicating user information to mobile 
station users encoded on said radio interface by connecting said base station and said 
base station control device via said radio interface and said base station interface and 
performing communication connection control; characterized in that when a voice and 
data transmission reception request is sent to the base station control device through the 
radio control channel by said mobile device while a call is connected to said mobile 
device, said base station control device sends said voice and data transmission-reception 
requests from said mobile device by means of a D-channel through an ISDN exchange 
station to the partner ISDN terminal with which said mobile station is communicating, 
and when there is a response to said voice and data transmission-reception request from 
said mobile station by means of the partner ISDN terminal with which said mobile 
station is communicating, said base station control device sends said mobile station a 
response to a request for half-rating voices and for data transmission-reception through 
the radio control channel, simultaneous transmission-reception of voice signals and data 
signals are started after a standard number of frames from this radio control channel, 
and when said base station control device receives said request for half-rating voices 
and for data transmission-reception, performs a speech-coding of voices half-rated after 
the predetermined standard number of frames from this control channel with respect to 
the voice frames, transmits voices to the ISDN terminal through the ISDN exchange 
using an ISDN B channel, uses an ISDN D-channel for passing data frames as is, sends 
data to said ISDN terminal through said ISDN exchange, performs speech-coding of the 
voice signals from said ISDN terminal, and passes data signals from said ISDN terminal 
using said ISDN D-channel as is to start simultaneous transmission and reception of 
voice data signals and data signals. 

A mobile communication system according to the present invention comprises a radio 
interface between a mobile station and a base station, a base station interface between 
said base station and a base station control device, said base station control device being 
connected to a communication network via an ISDN exchange station, said mobile 
station comprising first terminal means for terminating low level signals and high level 
signals of said radio interface, said base station comprising transmitting means for 
terminating said low level signals of said radio interface and said base station interface 
and transparently transmitting said high level signals, said base station control device 
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comprising second terminal means for terminating said low level signals and said high 
level signals of said base station interface, and said mobile station comprising 
communication means offering a service of communicating user information to mobile 
station users encoded on said radio interface by connecting said base station and said 
base station control device via said radio interface and said base station interface and 
performing communication connection control; characterized in that when a voice and 
data transmission-reception request is sent to said base station control device through an 
ISDN D-channel by means of a partner ISDN terminal with which said mobile station is 
communicating, said base station control device sends a request to half-rate voices and 
transmission-reception of data by way of the radio control channel to said mobile device 
which is connected with a call, and when there is a response to the request to half-rate 
voices and transmission-reception of data from said mobile station, said base station 
control device sends a response to said request to half-rate voices and transmission- 
reception of data through the ISDN D-channel to said ISDN terminal, simultaneous 
transmission-reception is started with voice signals on the B-channel and data signal on 
said D-channel after a standard number of frames from said D channel transmission, 
and when said base station control device receives the voice and data transmission- 
reception starting request, makes said request to start half-rating voices and data 
transmission-reception with respect to said mobile device through said control channel, 
speech-codes and half-rates the voice data from said ISDN terminal after a 
predetermined standard number of frames from this D channel reception, sends the 
reception data on the D channel from said ISDN terminal directly through and the half- 
rated voice and reception data alternately in frames of the radio channel to said mobile 
station, and when said mobile station receives said voice half-rating and data 
transmission-reception request from said base station control device is received at said 
mobile station, the half-rating of voices and data transmission-reception are started after 
a predetermined number of frames from this frame. 

Embodiments 

Next, the present invention shall be explained with reference to the drawings. 

Fig. 1 is a block diagram showing an embodiment of the present invention. 

In Fig. 1, a mobile communication system according to this embodiment comprises a 
mobile station 3 capable of transmitting and receiving voice signals and data signals, a 
base station 2 for transmitting and receiving radio signals from the mobile station 3, a 
base station control device 1 for transmitting and receiving signals between the base 
station 2 and an ISDN exchange 4, and an ISDN terminal 5 connected to the ISDN 
exchange 4 via a network. 

The base station control device 1 comprises a base station interface portion 12 for 
controlling the interface with the base station 2, a buffer portion 13 for regulating the 
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timing of data transfer when the data speed between the base station 2 and the base 
station control device is different from the data speed between the ISDN exchange 4 and 
the base station control device 1, an encoding decoding circuit portion 14 for preventing 
eavesdropping in the radio zones, a full-rate speech coding portion 15 for converting or 
deconverting 32 Kbps voice data into 64 Kbps, a half-rate speech-coding portion for 
converting or deconverting 16 Kbps voice data into 64 Kbps, a time division switch 
portion 17 for connecting the mobile station 3 and the ISDN terminal 5, an ISDN 
network interface portion 1 8 for controlling the interface with the ISDN converter 4 and 
a microprocessor 11 for controlling the entire base station control device 1. 

Additionally, the mobile station 3 comprises a digital radio transceiver 36 for 
controlling radio signal transmission-reception with the base station 2, a digital 
converter 35, an encoding-decoding circuit 34, a voice coder-decoder 33, a transmission 
data memory 32 and a microprocessor 3 1 for controlling the entire mobile station 3. 

Fig. 2 is a diagram showing the flow of signals in the present embodiment. 

In Fig. 2, a case of transferring to simultaneous communications of voice signals and 
data signals during a call connection with an ISDN terminal 5 under control of the 
mobile station 3 is given as an example. 

Fig. 3 is a diagram showing the flow of signals for simultaneous communication of 
voice signals and data signals under control of the ISDN terminal, Fig. 4 is a diagram 
showing a frame structure between the mobile station and vase station control device in 
the present embodiment and Fig. 5 is a diagram showing the frame use methods for 
voice signals and data signals in the present embodiment. 

Next, the operation of the present embodiment shall be explained. 

First, the operations for transferring to simultaneous communications of voice signals 
and data signals during a call connection under control of the mobile station shall be 
explained. 

In this case, a call is connected with the ISDN terminal 5 through the mobile station 3, 
the base station 2, the base station control device 1 and the ISDN exchange 4. First, 
when a person who is calling from a mobile station 3 commences transmission- 
reception of data , a request to half-rate voices and transmission-reception of data is sent 
from the mobile station 3 via the base station 2 to the base station control device using 
the radio control channel by operation of the person making the call. 



At the base station control device 1, the request to half-rate voices and transmission- 
reception of data from the mobile device 3 is sent as a voice and data transmission- 
reception request through the ISDN exchange 4 to the ISDN terminal 5 using a D 
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channel. 

Upon receiving the voice and data transmission-reception request, the ISDN terminal 5 
checks the state of the ISDN terminal 5 and if the terminal is capable of transmitting 
and receiving voices and data, responds to the voice and data transmission-reception 
request by replying to the base station control device 1 using the D channel through the 
ISDN exchange 4. 

Upon receiving the response to the voice and data transmission-reception request, the 
base station control device 1 sends the mobile station 3 a response to the request to half- 
rate voices and transmission-reception of data through the base station 2 using a control 
channel. 

Upon receiving the request to half-rate voices and transmission-reception of data, the 
mobile station 3 sends the request to half-rate voices and transmission-reception of data 
through the base station 2 to the base station control device 1 using a radio control 
channel, and starts simultaneous transmission-reception of voice signals and data 
signals a standard number of frames after the control channel. 

The frame structure for this case shall be described with reference to Figs. 4 and 5. 

The frame structure of the radio channel between the mobile station 3 and the base 
station 2 is a multi-frame structure of 400 frames as shown in Fig. 4, with each frame 
being constructed of 8 time slots, and each time slot being composed of a control 
channel and a voice data or data (information) channel. During a call with the mobile 
station 3, voice data is contained in each frame as indicated on the top portion of Fig. 5, 
but when simultaneous communications of voice signals and data signals starts, 16Kbps 
voice data and 16 Kbps transmission data are transmitted alternately by frames as 
indicated at the bottom of Fig. 5. 

Upon receiving a request to half-rate voices and transmission-reception of data from the 
mobile station 3 through the base station 2 by means of a control channel, the base 
station control device 1 speech-codes voice frames with respect to voices half-rated 
after a standard number of frames from the control channel, uses the ISDN B channel to 
send voices to the ISDN terminal 5 through the ISDN exchange 4, uses the ISDN D 
channel to pass through data frames as is to send data to the ISDN terminal 5 via the 
ISDN exchange 4, speech-codes the voice signals from the ISDN terminal 5, sends the 
half- rated voices to the mobile station 3, and allows data signals from the ISDN 
terminal 5 using the D channel to pass through, thereby to start the simultaneous 
transmission-reception of voice data signals and data signals. 

Fig. 3 is a diagram showing the flow of signals in an embodiment of the present 
invention, showing a case of transferring to simultaneous communications of voice 
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signals and data signals from a call connection with the mobile station under control of 
the ISDN terminal 5. 

Next, the operations for transfer to simultaneous communications of voice signals and 
data signals from a call connection for the case of control by the ISDN terminal shall be 
described with reference to Figs. 1, 3, 4 and 5. 

In this case, the mobile station 3 is call-connected with the ISDN terminal 5 via the base 
station 2, base station control device 1 and the ISDN exchange 4. 

First, when a person making a call on the ISDN terminal 5 starts transmission and 
reception of data, a voice and data transmission reception request is sent over the ISDN 
D channel to the base station control device 1 via the ISDN exchange 4 from the ISDN 
terminal 5 by operation by the person making the call. In the base station control 
device 1, the voice and data transmission reception request from the ISDN terminal 5 is 
sent as a request to half-rate voices and transmission-reception of data through the base 
station 2 to the mobile station 3 using the control channel. 

Upon receiving the request to half-rate voices and transmission-reception of data, the 
mobile station 3 checks the state of the mobile station 3, and if the mobile station is 
capable of transmitting and receiving voices and data, then responds to the request to 
half-rate voices and transmission-reception of data by replying through the base station 
2 to the base station control device 1 using the control channel. 

Upon receiving a response to the request to half-rate voices and transmission-reception 
of data, the base station control device 1 sends the ISDN terminal 5 a response to the 
voice and data transmission reception request through the ISDN exchange 4 using the D 
channel. 

Upon receiving the response to the voice and data transmission reception request, the 
ISDN terminal 5 sends a voice and data transmission reception start request through the 
ISDN exchange 4 to the base station control device 1 using the D channel, then 
simultaneous transmission and reception of voice signals on the B channel and data 
signals on the D channel after a standard number of frames from the D channel is 
begun. 

Upon receiving a voice and data transmission reception start request from the ISDN 
terminal 5 via the ISDN exchange 4 using the D channel, the base station control device 
1 makes a request to half-rate voices and transmission-reception of data to the mobile 
station 3 via the control channel, speech-codes and half-rates the voice data from the 
ISDN terminal 5 a standard number of frames from the D channel reception, and the 
reception data from the ISDN terminal 5 on the D channel is sent to the mobile station 3 
in the frame structure of Figs. 4 and 5 described for the case of simultaneous 
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transmission-reception of voice signals and data signals under control of the mobile 
station 3. 

Upon receiving a request to half-rate voices and transmission-reception of data from the 
base station control device 1, the mobile device 3 commences half-rating of voice and 
data transmission-reception after a standard number of frames from this frame. 

Effects of the Invention 

As described above, in the present invention, when the radio interface of the mobile 
station and the base station interface are of time-division multiplexed access formats, a 
full rate is used for voice data communications during the call between the mobile 
device and the base station control device, and when both voice data communications 
and data communications become necessary, each frame of the radio interface and the 
base station interface is alternately assigned to voice data communications and data 
communications, the data are transmitted and received as half-rate voice data and data 
for data communications having the same number of bits as the half-rate, and after the 
mobile station has entered a call, simultaneous transmission and reception of voices and 
data become possible without interrupting calls while transmitting and receiving data. 
Additionally, by sending voice data and information data in alternate frames for the 
simultaneous transmission and reception of voices and data, it is possible to perform 
simultaneous communications of voice signals and data signals in a more economical 
manner. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 A block diagram showing an embodiment of the present invention. 

Fig. 2 A diagram showing the flow of simultaneous communication signals 

comprising voice signals and data signals under the control of the mobile 
station in the present embodiment. 

Fig. 3 A diagram showing the flow of simultaneous communication signals 

comprising voice signals and data signals under the control of the ISDN 
terminal in the present embodiment. 

Fig. 4 A diagram showing the frame structure between the mobile station and the base 
station control device in the present embodiment. 

Fig. 5 A diagram showing the method for using voice signal and data signal frames in 
the present embodiment. 
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